INTRODUCTION
A variety of obstetric conditions lead to acute maternal-fetal decompensation and necessitate immediate emergency cesarean delivery (CD). The complexity of treating two patients (mother and unborn baby) simultaneously demands efficient multidisciplinary coordination during this process. As a result, the potential for task saturation, missed critical steps, delays and suboptimal team performance exists. Maternal complication rates are greater in emergency cesarean versus elective cesarean. 1 Multidisciplinary team practice for emergency CD is therefore both rational and prudent from a quality-improvement perspective. The clinical challenge is how best to utilize such drills for identification and improvement of care processes in the obstetric domain.
The California Maternal Quality Care Collaborative and the United Kingdom's Confidential Enquires into Maternal and Child Health have both recommended simulation training in the obstetric domain. 2, 3 The Joint Commission and the American College of Obstetrics and Gynecology have gone a step further by specifically recommending drills in order to optimize emergency response. [4] [5] [6] Simulation training for rare but serious events in obstetrics has been associated with improved neonatal outcomes during shoulder dystocia 7 and improved performance during post-partum hemorrhage. 2 Obstetric simulation has been used to measure team performance, 8 delineate latent errors in the system, 9 elucidate recurrent provider management errors 10 and improve time to incision for prolapsed cord. 11 We conducted 14 uterine rupture drills on our labor and delivery unit (LDU) in order to measure team performance in initiating emergency cesarean in the setting of persistent fetal bradycardia. The primary outcome measure in the current investigation was the time required to move the patient from the labor and delivery room (LDR) to the operating room (OR) and make incision for emergency CD. Secondary outcomes were the subintervals measured (that is, time spent in actual transport and so on) and any barriers identified during the conduct of the drills. We hypothesized that the inherent time pressure in this scenario would provide a reasonable proxy for other obstetric emergencies and allow us to identify and improve barriers to rapid emergent transfer from the LDR to the OR. We chose to simulate uterine rupture at time of trial of labor after cesarean (TOLAC), specifically because the American College of Obstetrics and Gynecology has supported TOLAC as a means of decreasing current rates of CD, and recommends delivery units be logistically prepared (immediately available ORs and staff) to emergently provide CD in the event of a uterine rupture. 6 
METHODS
From September 2008 to April 2009, 14 teams participated in simulated, obstetric crisis drills on the LDU at Lucile Packard Children's Hospital in Stanford, CA. These drills are a component of the quality-improvement process on the LDU and were therefore deemed exempt from oversight by the Institutional Review Board at Stanford University School of Medicine. Multidisciplinary team obstetric crisis drills are conducted regularly at Lucile Packard Children's Hospital by two of the authors (KD and SL). This ongoing program is called OBSim, and the specific drills analyzed in this study were part of the OBSim program.
The medical teams were composed of one to two obstetricians, three to five nurses and one anesthesiologist. The majority of teams were composed of one or two senior (either an obstetric fellow or attending obstetrician) combined with a junior (obstetric resident physician) obstetrician. In a few cases, the senior obstetrician was a chief resident rather than a fellow or attending. All of the nurses were actively employed on the LDU. All of the anesthesiologists were resident physicians except for two obstetric anesthesia fellows. None of the participants on the medical teams were naive to simulation drills. No individuals participated in more than one drill, and each signed a confidentiality agreement precluding any discussion whatsoever regarding the drill scenario or the performance of any of the participants with any other staff. The 'patient' (a Noelle birthing manikin S551 by Gaumard, Miami, FL, USA) was a 36-year-old, healthy, G2P1 woman presenting for TOLAC. She had no known drug allergies, a reassuring airway exam, an 18-gauge peripheral intravenous (IV) line and an effective epidural infusion for labor analgesia. Maternal monitors included an automated blood pressure device and a pulse oximeter; fetal monitors included an external tocograph and ultrasound-derived fetal heart rate (FHR). FHR prior to the emergency demonstrated a baseline of approximately 140 beats per minute, moderate variability and accelerations without decelerations (category 1 FHR tracing). 12 The same manikin, monitors, LDR and OR were used for all 14 drills to standardize distances and logistic obstacles. The drills were conducted on the LDU rather than in a simulation lab so that latent errors in the system could be identified at the actual point of care. Support staff such as secretaries and obstetric surgical technicians also participated as they would during an actual event.
Prior to the scenario start, all teams were informed that the scenario was an emergency cesarean drill involving a patient attempting TOLAC. The teams were instructed which of our on-site ORs to use and were informed that they would be timed. The scenario started in the LDR after each drill team member had received full 'sign out' regarding the patient and after the primary nurse had entered the room. The sign out occurred prior to the start of the drill without any time pressure and included all pertinent medical history, a synopsis of the patient's care during the current admission and the care plan. After the primary nurse entered the LDR, familiarized herself to the room setup and introduced herself to the patient, the FHR then decreased to 60 beats per minute without improvement. This FHR was used in order to avoid any ambiguity in the need to emergently proceed. In order to standardize comparisons, time zero was defined as the moment at which the primary nurse recognized the decreased FHR. This component of the study design was undertaken in order to preclude any potential variability in the primary nurse's recognition of the fetal bradycardia. Other drill team members were waiting together nearby and responded immediately when called for help. We measured the following time intervals with a stopwatch during the actual performance of the scenario: (1) time zero until the decision to move to the OR, (2) time from decision to move to the OR until exiting the LDR, (3) time from exiting the LDR until arrival in the OR, (4) time from arrival in the OR until placement of the endotracheal tube and (5) time from placement of the endotracheal tube until incision.
The primary outcome measure was the sum of these time intervals from time zero (recognition of the emergency) to time of incision. Secondary outcome measures included the time for each interval measured and any barriers to optimal team performance identified during the conduct of the drills. We recorded demographic information for the participating personnel, including the number of people on each team, their discipline, advanced cardiac life support certification and years of practice. Immediately after each drill was completed, facilitated debriefing sessions occurred, in which participants identified problems encountered at various stages of the scenario and proposed possible solutions. The identified problems were documented and discussed at subsequent multidisciplinary meetings of senior personnel with the goal of removing the obstacles to rapid and efficient transfer.
Demographic and outcome data are summarized with descriptive statistics. Results are expressed as the mean ± s.d., median (interquartile range) and percentages, as appropriate. Correlations using Pearson's product moment and Spearman's rank analysis as appropriate were performed to determine whether significant associations existed between the scenario times and personnel demographic variables. Analyses were performed with SPSS 17.0 for Windows statistical package (Chicago, IL, USA). Po0.05 was considered statistically significant. Table 1 includes the demographics of the 14 teams that participated in the simulated scenario. The number of personnel in each drill was 7±1 (mean±s.d.). Table 2 includes the median (interquartile range) from time zero until surgical incision (9:27 (8:55 to 10:27) min:s) and other time intervals required to attain specific milestones. The time intervals required by each team to achieve the various milestones are shown in Table 3 . The percentages of time relative to the overall scenario time from: (1) start of the scenario until leaving the LDR, (2) transportation of the manikin from the door of the LDR to the door of the OR and (3) entering the OR until incision were 41±6, 7±1 and 52±6%, respectively. Correlations between personnel demographics and times are reported in Table 4 . Increased experience of registered nurse (RN) correlated with a more rapid transit time (r ¼ À 0.73, P ¼ 0.003). Larger teams and increasing physician experience correlated with shorter times from entering the OR to the patient being draped and intubated (r ¼ À 0.56, P ¼ 0.03 and r ¼ À 0.55, P ¼ 0.04 for larger teams and physician experience, respectively). Listed in Table 5 are tasks that we characterized as 'must be completed' once the decision had been made to move emergently to the OR.
RESULTS

DISCUSSION
Our teams required 9:27 (8:55 to 10:27) min:s from start of the emergency scenario to surgical incision. The primary outcome measure was incision due to limitations of the manikin abdominal overlay in simulating CD. Our data therefore suggest that even in a fully staffed, high-volume, high-acuity, tertiary care referral center, delivery for emergent CD would likely require over 10 min. The time to delivery can have critical effects on outcome during uterine rupture and many other obstetric emergencies. Retrospective data on uterine ruptures suggest that significant neonatal morbidity occurs when X18 min elapse between the onset of prolonged FHR deceleration and delivery. 13 In cases of maternal compromise such as hemorrhage, a prolonged delay until delivery This simulation study suggests that emergency CD is challenging even with staff immediately available and the scenario anticipated. Many LDUs do not have complete 24-h in-house staffing, and additional delays would be inevitable while waiting for the arrival of OR staff. The American College of Obstetrics and Gynecology recommends: 'In settings where the staff needed for emergency delivery are not immediately available, the process for gathering needed staff when emergencies arise should be clear, and all centers should have a plan,' and, 'Drills or other simulation may be useful in preparing for these rare emergencies'. 6 We used a simulated uterine rupture during TOLAC scenario to determine the time required to emergently move a patient from the LDR to the OR for CD at our institution, focusing on several key time intervals to determine where system weaknesses existed. Our teams spent approximately 4 min (41% of the total drill time) from the scenario start to moving to the OR. The two-fold wide range (2:38 to 5:28 min:s) from scenario start to moving to the OR suggests the need for standardization and improvement in our teams' organization and performance during the initial phase of the emergency. Preston et al. 16 have described the implementation of a standardized response to obstetric emergencies in a large health-maintenance organization to good effect.
Once the decision to move has been made, a significant amount of time (1:40 (1:28 to 2:20) min:s) was required to actually exit the labor room. Although multiple actions are necessary to exit a labor room (Table 5) , many can (and should) be performed in parallel process. During the team debriefs after each drill, use of a patient transport gurney was identified as a significant barrier to efficiency and speed. The staff suggested that transport to the OR should occur directly on the LDR bed itself rather than on the gurney, and we have thus adopted this strategy. In addition, unlocking and untangling the main IV line and additional lines from the pump mechanism consistently delayed room exit. In some cases, the lines became knotted on the bedrail or fell during transport. The staff suggested acquisition of more convenient IV blood pump sets, as well as disconnection of the IV pump line, at the proximal port before transport in order to eliminate tangling and potential overdose if the lock mechanism fails. However, disconnection of IV lines requires an additional process of immediate reconnection to a blood pump set upon reaching the OR. Although this practice has been adopted, it has proved somewhat controversial and will require audit to determine whether new problems may arise during actual emergencies from this unfamiliar routine.
Transportation required B30 s and represented only a small portion of the overall scenario time. However, our LDU is compact and the labor room selected was close (approximately 35 m) to the OR, which is situated within the LDU. In other institutions with larger units and more remote OR suites (for example, ORs located on another floor), transport would likely require much more time and further delay delivery.
Over half of the total drill time was spent from entering the OR to incision. The number of interventions completed upon reaching the OR was significant (Table 5 ). However, these interventions were not performed in a consistent fashion by our teams. There was a wide variability in the time interval from intubation to incision. Longer time intervals were noted as a result of having not yet completed the necessary tasks secondary to task saturation by RNs, or resulted from the obstetrician not yet being completely scrubbed or in surgical gown when the anesthesiologist indicated that the surgery may begin. As a result, nursing roles have now been developed at our institution for use during obstetric emergencies. For example, the 'above the waist RN' role (responsible for assisting the anesthesiologist) was created in response to task saturation experienced by the lone anesthesiologist during preparation for and induction of general anesthesia. A 'below the waist RN' role (responsible for assisting the obstetrician, inserting the foley catheter and affixing the electrocautery pad) was also created. These roles (in addition to several others) are now standard for all emergencies and have been incorporated into cognitive aids displayed as posters in the LDU. These are detailed more extensively in the Supplementary Appendix. 
Simulation drills for emergency cesarean delivery SS Lipman et al
There are limitations in our study. In this series of drills, simulation and the controlled setting introduced artifact that likely had ramifications on our data and its interpretation. There were multiple advantages conferred to our teams that would not or might not exist in real emergencies, including: (1) the manikin weighed only 80 pounds, thereby facilitating transfers, (2) our teams had significant prior high-risk clinical experience upon which to draw, (3) our LDU is compact and the OR suites are located in the same unit and on the same floor as the LDR's, (4) participating staff were stationed together adjacent to the drill area, resulting in an almost immediate, unified response, (5) timing did not commence until the RN recognized and verbalized the emergency, (6) no family members were present, allowing teams to fully allocate attention to the medical problem, (7) drills were conducted between 0800 and 1200 hours, mitigating any decrements in human performance associated with night call duty 17 and (8) our teams had prior knowledge that the scenario involved an emergent CD in a patient undergoing TOLAC and that they would be timed. For all these reasons, the time intervals we measured are likely to greatly underestimate the delays that would occur during an actual clinical event.
In conclusion, we determined that in ideal conditions during a simulation drill on our LDU, time from catastrophic uterine rupture until emergency cesarean incision required approximately nine and a half minutes. Multiple barriers to efficient transport were identified and addressed. Further drills, as part of our qualityimprovement program, will evaluate the success of these remedial measures. We recommend that all centers conduct in situ multidisciplinary team drills on a regular basis in order to optimize an efficient, institution-specific response to emergent situations requiring CD (Table 6 ). Table 6 . Institution-specific barriers that delay initiation of emergency cesarean delivery and corrective measures Barrier no. 1: Transferring the patient to a gurney for transport reduced efficiency and speed by necessitating extra steps Correction no. 1: Transport to the OR shall occur directly on the LDR bed itself rather than on the gurney Barrier no. 2: Transport of the IV solutions and attached IV lines created delay in transport. In addition, the various lines fell during transport or became tangled in the bedrails. As a result, unlocking and untangling the main IV line and additional lines from the pump mechanism consistently delayed room exit. In some cases, the lines became knotted on the bedrail or fell during transport. Correction no. 2: IV lines are now disconnected at the IV insertion site and patient is transported without either IV solutions or lines, thus avoiding fallen or tangled equipment. The staff suggested acquisition of more convenient IV blood pump sets, as well as disconnection of the IV pump line, at the proximal port before transport in order to eliminate tangling and potential overdose if the lock mechanism fails. However, disconnection of IV lines requires an additional process of immediate reconnection to a blood pump set upon reaching the OR. Barrier no. 3: Various OR nursing tasks were not performed in a consistent fashion because of confusion with respect to task ownership Correction no. 3: Specific nursing roles have now been developed at our institution for use during obstetric emergencies (please see Supplementary Appendix) General observation: Lack of standardization ultimately resulted in a wide variability between teams' times to various milestones. One of the macro-view lessons from this drill series was the need for uniform processes. 
